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Angiogenesis 

From Wikipedia, the free encyclopedia 

Angiogenesis is the physiological process involving the growth of new blood vessels from pre-existing vessels. 
Though there has been some debate over this, vasculogenesis is the term used for spontaneous blood-vessel 
formation, and intussusception is the term for new blood vessel formation by splitting of existing ones. 

Angiogenesis is a normal process in growth and development, as well as in wound healing. However, this is also a 
fundamental step in the transition of tumors from a dormant state to a malignant state. 
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Types of Angiogenesis 

Sp routing Angiogenesis 

Sprouting angiogenesis was the first identified form of angiogenesis. It is very simple and occurs in several well- 
characterized stages. First, biological signals known as angiogenic growth factors activate receptors present on 
endothelial cells present in pre-existing venular blood vessels. Second, the activated endothelial cells begin to 
release enzymes called proteases that degrade the basement membrane in order to allow endothelial cells to ^ 
escape from the original (parent) vessel walls. The endothelial cells then proliferate into the surrounding matrix 
and form solid sprouts connecting neighboring vessels. As sprouts extend toward the source of the angiogenic 
stimulus, endothelial cells migrate in tandem, using adhesion molecules, the equivalent of cellular grappling 
hooks, called integrins. These sprouts then form loops to become a full-fledged vessel lumen as cells migrate to 
the site of angiogenesis. Sprouting occurs at a rate of several millimeters per day, and enables new vessels to grow 
across gaps in the vasculature. It is markedly different from splitting angiogenesis, however, because it forms 
entirely new vessels as opposed to splitting existing vessels 

Intussusceptive Angiogenesis 

Intussusception, also known as splitting angiogenesis, was first observed in neonatal rats. In this type of vessel 
formation, the capillary wall extends into the lumen to split a single vessel in two. There are four phases of 
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intussusceptive angiogenesis. First, the two opposing capillary walls establish a zone of contact. Second, the 
endothelial cell junctions are reorganized and the vessel bilayer is perforated to allow growth factors and cells to 
penetrate into the lumen. Third, a core is formed between the two new vessels at the zone of contact that is filled 
with pericytes and myofibroblasts. These cells begin laying collagen fibers into the core to provide an 
extracellular matrix for growth of the vessel lumen. Finally, the core is fleshed out with no alterations to the basic 
structure. Intussusception is important because it is a reorganization of existing cells. It allows a vast increase in 
the number of capillaries without a corresponding increase in the number of endothelial cells. This is especially 
important in embryonic development as there are not enough resources to create a rich microvasculature with new 
cells every time a new vessel develops. 



Therapeutic angiogenesis 

Therapeutic angiogenesis is the application of specific compounds which may inhibit or induce the creation of 
new blood vessels in the body in order to combat disease. The presence of blood vessels where there should be 
none may affect the mechanical properties of a tissue, increasing the likelihood of failure. The absence of blood 
vessels in a repairing or otherwise metabolically active tissue may retard repair or some other function. Several 
diseases (eg. ischemic chronic wounds) are the result of failure or insufficient blood vessel formation and may be 
treated by a local expansion of blood vessels, thus bringing new nutrients to the site, facilitating repair. Other 
diseases, such as age-related macular degeneration, may be created by a local expansion of blood vessels, 
interfering with normal physiological processes. 

Mechanical Stimulation 



Mechanical stimulation of angiogenesis is not well characterized. There is a significant amount of controversy 
with regard to shear stress acting on capillaries to cause angiogenesis, although current knowledge suggests that 
increased muscle contractions may increase angiogenesis^^. This may be due to an increase in the production of 
nitric oxide during exercise. 



Chemical Stimulation 

VEGF 

Chemically, VEGF is well understood to be a major contributor to increasing the number of capillaries in a given 
network. Initial in vitro studies demonstrated that bovine capillary endothelial cells will proliferate and show 
signs of tube structures upon stimulation by VEGF and bFGF, although the results were more pronounced with 
VEGpPl. Upregulation of VEGF is a major component of the physiological response to exercise and its role in 
angiogenesis is suspected to be a possible treatment in vascular injuriest'^'f^^f^^^^^. In vitro studies clearly 
demonstrate that VEGF is a potent stimulator of angiogenesis because in the presence of this growth factor plated 

endothelial cells will proliferate and migrate, eventually forming tube structures resembling capillaries.Pl VEGF 
causes a massive signaling cascade in endothelial cells. Binding to VEGF receptor-2 (VEGFR-2) starts a tyrosine 
kinase signaling cascade that stimulates the production of factors that variously stimulate vessel permeability 
(eNOS, producting NO), proliferation/survival (bFGF), migration (ICAMsA^CAMs/MMPs) and finally 
differentiation into mature blood vessels. Mechanically, VEGF is upregulated with muscle contractions as a result 
of increased blood flow to affected areas. The increased flow also causes a large increase in the mRNA 
production of VEGF receptors 1 and 2. The increase in receptor production means that muscle contractions could 
cause upregulation of the signaling cascade relating to angiogenesis. As part of the angiogenic signaling cascade, 
NO is widely considered to be a major contributor to the angiogenic response because inhibition of NO 
significantly reduces the effects of angiogenic growth factors. However, inhibition of NO during exercise does not 
inhibit angiogenesis indicating that there are other factors involved in the angiogenic response.Pl 
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MMP 

Another major contributor to angiogenesis is matrix metalloproteinase (MMP). MMPs help degrade the proteins 
that keep the vessel walls solid. This proteolysis allows the endothelial cells to escape into the interstitial matrix 

as seen in sprouting angiogenesis. Inhibition of MMPs prevents the formation of new capillariest^l. These 
enzymes are highly regulated during the vessel formation process because wanton destruction of the extracellular 

matrix would destroy the integrity of the microvasculature.t^l 

Applications of Angiogenesis 

Tumor angiogenesis 

Cancer cells are cells that have lost control of their ability to divide in a controlled fashion. A tumor consists of a 
population of rapidly dividing and growing cancer cells. Mutations rapidly accrue within the population. These 
mutations (variation) allow the cancer cells (or sub-populations of cancer cells within a tumor) to develop drug 
resistance and escape therapy. Tumors cannot grow beyond a certain size, generally 1-2 mm^, due to a lack of 
oxygen and other essential nutrients. 

Tumors induce blood vessel growth (angiogenesis) by secreting various growth factors (e.g. Vascular Endothelial 
Growth Factor or VEGF). Growth factors, such as bPGF and VEGF can induce capillary growth into the tumor, 
which some researchers suspect supply required nutrients - allowing for tumor expansion. Other clinicians 
believe that angiogenesis really serves as a waste pathway, taking away the biological end products put out by 
rapidly dividing cancer cells. In either case, angiogenesis is a necessary and required step for transition from a 
small harmless cluster of cells, often said to be about the size of the metal ball at the end of a ball-point pen, to a 
large tumor. Angiogenesis is also required for the spread of a tumor, or metastasis. Single cancer cells can break 
away from an established solid tumor, enter the blood vessel, and be carried to a distant site, where they can 
implant and begin the growth of a secondary tumor. Evidence now suggests that the blood vessel in a given solid 
tumor may in fact be mosaic vessels, comprised of endothelial cells and tumor cells. This mosaicity allows for 
substantial shedding of tumor cells into the vasculature. The subsequent growth of such metastases will also 
require a supply of nutrients and oxygen or a waste disposal pathway. 

Endothelial cells have long been considered genetically more stable than cancer cells. This genomic stability 
confers an advantage to targeting endothelial cells using antiangiogenic therapy, compared to chemotherapy 
directed at cancer cells, which rapidly mutate and acquire 'drug resistance' to treatment. For this reason, 
endothelial cells are thought to be an ideal target for therapies directed against them. Recent studies by Klagsbrun, 
et. al. have shown, however, that endothelial cells growing within tumors do carry genetic abnormalities. Thus, 
tumor vessels have the theoretical potential for developing acquired resistance to drugs. This is a new area of 
angiogenesis research being actively pursued. 

Angiogenesis research is a cutting edge field in cancer research, and recent evidence also suggests that traditional 
therapies, such as radiation therapy, may actually work in part by targeting the genomically stable endothelial cell 
compartment, rather than the genomicaly unstable tumor cell compartment. New blood vessel formation is a 
relatively fragile process, subject to disruptive interference at several levels. In short, the therapy is the selection 
agent which is being used to kill a cell compartment. Tumor cells evolve resistance rapidly due to rapid 
generation time (days) and genomic instability (variation), whereas endothelial cells are a good target because of a 
long generation time (months) and genomic stability (low variation). 

This is an example of selection in action at the cellular level, using a selection pressure to target and diiferentiate 
between varying populations of cells. The end result is the extinction of one species or population of cells 
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(endothelial cells), followed by the collapse of the ecosystem (the tumor) due either to nutrient deprivation or self- 
pollution from the destruction of necessary waste pathways. 

Angiogenesis-based tumour therapy relies on natural and synthetic angiogenesis inhibitors like angiostatin, 
endostatin and tumstatin. These are proteins that mainly originate as specific fragments pre-existing structural 
proteins like collagen or plasminogen. Dr. Judah Folkman, who coined the word "anti-angiogenesis," was the first 
to identify stopping angiogenesis as a strategy for attacking cancerous tumors. 

Recently, the 1st FDA-approved therapy targeted at angiogenesis in cancer came on the market in the US. This is 
a monoclonal antibody directed against an isoform of VEGF. The commercial name of this antibody is Avastin, 
and the therapy has been approved for use in colorectal cancer in combination with established chemotherapy. 

Exercise 

Angiogenesis is generally associated with aerobic exercise and endurance exercise. While arteriogenesis produces 
network changes that allow for a large increase in the amount of total flow in a network, angiogenesis causes 
changes that allow for greater nutrient delivery over a long period of time. Capillaries are designed to provide 
maximum nutrient delivery efficiency so an increase in the number of capillaries allows the network to delivery 
more nutrients in the same amount of time. A greater number of capillaries also allows for greater oxygen 
exchange in the network. This is vitally important to endurance training because it allows a person to continue 
training for an extended period of time. However, no experimental evidence exists to suggest that increased 
capillarity is required in endurance exercise to increase the maximum oxygen delivery.l^l 

Macular Degeneration 

Overexpression of VEGF causes increased permeability in blood vessels in addition to stimulating angiogenesis. 
In wet macular degeneration VEGF causes proliferation of capillaries into the retina. Since the increase in 
angiogenesis also causes edema, blood and other retinal fluids leak into the retina causing loss of vision. A novel 
treatment of this disease is to use a VEGF inhibiting aptamer to stop the main signaling cascade for angiogenesis. 

See also 

■ arteriogenesis 

■ endurance exercise 

■ aerobic exercise 
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■ What You Need to Get Started Researching Your Options (http://cancerguide.org/basic.html) from 
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■ Angiogenesis - The Virtual Library of Biochemistry and Cell Biology 
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Retrieved from "http://en.wikipedia.org/wiki/Angiogenesis" 
Category: Angiology 



■ This page was last modified 20:39, 21 November 2006. 

■ All text is available under the terms of the GNU Free 
Documentation License. (See Copyrights for details.) 
Wikipedia(S) is a registered trademark of the Wikimedia 
Foundation, Inc. 



http://en.wikipedia.org/wiki/Angiogenesis 



11/22/2006 



